High power nitrogen microwave induced plasma was used as a new excitation source for atomic emission spectrometry to determine low concentrations of arsenic in combination with hydride generation technique. Under the optimized experimental conditions, the best attainable detection limits at As(I)188.979 nm was 3.13 ngAs/ml with a linear dynamic range of 10 to 5000 ngAs/ml. The presence of several diverse elements has been found to cause more or less a depressing interference with the determination of arsenic by the present technique. The present method was applied to the determination of total arsenic in the samples of sea weed and scallop to be issued as standard reference materials by National Institute for Environmental Studies, Japan. The samples were dissolved in a mixture of nitric and sulfuric acids with the addition of hydrofluoric acid. The results obtained by this method were very reproducible and satisfactory.
Microwave induced plasma (MIP) has become a powerful source of excitation and ionization, enabling not only the determination of metals but also of many nonmetals.' However, such MIPs as ones produced by either the Beenakker cavity2'' or the Surfatron810, are subject to a number of serious limitations. Most importantly, these MIPs have a low tolerance to liquid aerosol. Furthermore, it was impossible to produce an annular-shaped (toroidal) plasma similar to that of the inductively coupled plasma (ICP). On the other hand, the argon ICPs have been widely used for trace element analysis using mass spectrometry (MS) as well as atomic emission spectrometry (AES). In general, both Ar ICP-AES and Ar ICP-MS have found widespread use in a number of practical fields, because they give high sensitivity and good precision in trace element analysis.114 In particular, however, in Ar ICP-MS, 39K+, 40Ca+ , S2Cr+, S~Fe+ and 80Se+ cannot be determined directly by Ar ICP-MS, because the determination of these elements suffer interferences from 38ArH+, 4°M+a0+ 40.+ and 40Ar 2+, respectively, which are caused by the plasma sustained gas of the Ar ICP. In order to overcome these limitations, recently, Okamot&5''6 developed and described an annular-shaped high power nitrogen MIP at atmospheric pressure, especially for MS, the system of which has been commercially available.
The high power nitrogen microwave induced plasma (N2 MIP) is more robust than the Ar ICP; for example, the plasma is not extinguished even if an air sample is injected and also a hydride generation technique to be mentioned below is combined in the continuous mode. Surprisingly, only some emission characteristics of this high power N2 MIP for AES have been investigated to date.15'' To the knowledge, no paper has been published on the application of the high power N2 MIP for AES in the practical analysis. This paper describes the feasibility of the high power N2 MW for AES for the determination of arsenic in combination with both conventional solution nebulization and hydride generation technique. The results obtained by both sample introduction methods are compared in terms of analytical figures of merit for arsenic. Finally, the present method coupled with hydride generation technique has been successfully applied to the determination of total concentrations of arsenic in samples of sea weed and scallop.
Experimental
Instrumentation and apparatus A schematic diagram of the experimental apparatus is shown in Fig. 1 . The microwave excitation source (high power N2 MIP) is essentially the same as described previously. Microwave power is transferred from a magnetron (2.45 0Hz, 1 kW) of a Nippon Koushuha MKN-103-3S microwave power generator to the discharge tube (torch) through a uniline, directional coupler, three-stub tuner, tapered waveguide, and an Okamoto cavity (Hitachi), the details of which are already described in the literature. '5'1 high power N2 MIP source together with a magnetron was mounted on a laboratory-made optical rail for x-y-z direction adjustments. An annular-shaped SCIENCES VOL. 13 SUPPLEMENT 1997 (toroidal) plasma is formed above the quartz torch. The computer-controlled sequential spectrometer used in this work was a part of a Nippon Jerrell-Ash ICAP-575 II inductively coupled plasma emission spectrometer. The plasma was viewed side-on through a quartz lens (focal length 200 mm, 1:1 image) and focused on the entrance slit of the spectrometer. In this work, the wavelengths and photomultiplier voltage used for arsenic atomic emission measurements were As(I) 188.979 and 193.696 nm and -1000 V, respectively. The sample introduction systems included a conventional pneumatic nebulization of solutions and a hydride generation technique. For hydride generation, a laboratory-made gas-liquid separator ( Fig. 1 ) fabricated from borosilicate glass was used and has been described in a previous paper.'8 In addition, a drying flask filled with sulfuric acid was installed between a gas-liquid separator and a nebulizer chamber to remove the water vapor produced during hydride generation.
Reagents
Stock solutions (1.000 mg/ml) of As(III) and As(V) were prepared from high-purity arsenic(IIl) oxide and analyticalreagent grade disodium hydrogen arsenate (Na2HAs04), respectively, and standardized by conventional ICP-AES with solution nebulization. Solutions of lower concentration were prepared by appropriate dilution of the stock solutions immediately before use. Solutions of As(III) was used, unless otherwise stated. Laboratory-reagent grade sodium tetrahydroborate (NaBH4) was used to prepare a stabilized tetrahydroborate solution, in sodium hydroxide to decrease its rate of decomposition, which could be pumped without out-gassing and could be used for several days. All other reagents and solutions used were either of analyticalreagent grade or the highest purity available. High-purity water (Milli-Q water) was obtained by passing distilled water through a Milli-Q ion-exchange and membranefiltering system (Millipore).
General procedure
An acidified sample solution and the alkaline tetrahydroborate solution are continuously introduced into the hydride generator with the aid of a peristaltic pump and Tygon tubing. The generated arsenic hydride ("arsine") along with excess hydrogen is continuously fed into the high power N2 MIP source by nitrogen carrier gas through the drain outlet of the conventional nebulizer chamber. In this manner, it is possible easily to interchange the analytical method between that using the conventional pneumatic nebulizer and that employing the hydride generator. All emission intensities, when stabilized, are integrated, at least in triplicate, over a fixed period of 3 s. Background emission (including emission from the reagent blank) integrated over the same period, is subtracted from all line emission data to obtain the net line emission intensities.
Sample digestion procedure
The samples of sea weed and scallop were provided by National Institute for Environmental Studies, Japan. These samples were distributed to many organizations, including universities, governmental institutes and private companies, for the collaborative analysis. The procedure for the sample preparation is described as follows. With the use of Teflon beakers, 0.5-g portions of the samples were digested in 6 ml of a mixture of nitric and sulfuric acids (1:1 by volume) with 2-3 ml of 1.0 % (wlv) potassium permanganate solution as an oxidative catalyst described by Hahn et x1.19 and 5-10 ml of hydrofluoric acid with heating on a hot plate. After cooling, 15 ml of Milli-Q water and 5 ml of hydrochloric acid were added to the resultant solutions. These solutions were gently heated on a hot plate, cooled and transfetred to 200-ml volumetric flasks. After the addition of 2.0 g of potassium iodide to pre-reduce the As(V) to As(lI), the sample solutions were diluted to volume with hydrochloric acid and Milli-Q water to give a final acidity of 1.0 M in hydrochloric acid Results and Discussion
Optimization of experimental parameters
In an attempt to obtain a maximum line-to-background intensity ratio for arsenic, various operating parameters were studied and optimized individually while the other parameters were kept at their optimum values. The parameters investigated were microwave power to the plasma, analytical wavelength, observation position, nitrogen flow rates of plasma and carrier gases for both sample introduction methods of solution nebulization and hydride generation. In addition, the effect of concentration of tetrahydroborate solution and of acidity and flow rate of sample solution was examined for hydride generation. Table 1 shows the optimized operating conditions used for arsenic emission intensity measurements. It should be stressed here that under the operating conditions shown in F, waste; 0, carrier gas; H, plasma gas; I, carrier gas and hydride; J, gas controller; K, nitrogen tank; L, argon tank; M, nebulizer gas; N, drying flask; 0, sample solution for nebulization; P, nebulizer; Q, nebulizer chamber; R, plasma torch; S, MIP. 
Analytical working graphs and detection limits
Under the optimized operating conditions depicted i Table 1 , double logarithmic analytical working graphs w obtained for arsenic at 188.979 and 193.696 nm with use of freshly prepared arsenic(ID) solutions by both a conventional solution nebulization and a hydride generation technique. Some analytical figures of merit for arsenic obtained from the analytical working graphs(not shown here) depicted in Table 2 . Detection limits for arsenic were extra polated from the linear calibration graphs and were defined as the concentration of the analyte that would produce a ne signal (i, e., background-corrected line intensity) equal t three times the standard deviation of the backgmun emission intensity, in accordance with IUPAC recommendation. These detection limits obtained by the presen hydride generation-high power N2 MIP-AES are somewha poorer than those obtained by ICP-AES coupled wi hydride generation.20'23 The more sensitive As(I)188.979 nm line was selected as an analytical line and used throughout in the following study. Pre-reduction step It is well known that the arsenic may be present in practical samples in two typical oxidation states, +3 and +5, which exhibit pronounced differences in their analytical behavior. Most determinations of the total arsenic, therefore, call for a pre-reduction step of arsenate, As(V), to arsenite, As(IH), prior to hydride generation. In this work, the effects of various concentrations of potassium iodide, the most typical pre-reductant ° , in the 1.0 M hydrochloric acid on arsine generation from As(III) and As(V) were investigated in terms of the emission intensity for As(Ill) and As(V) and their ratio. As a consequence, the efficiency of arsine generation from As(V), as expected, was much lower than that from As(III), but in the presence of potassium iodide at concentrations above 1.0 % (wlv), both oxidation states have the' same emission intensity. The final concentration of potassium iodide in the acidified sample solutions, therefore, was adjusted to 1.0 % (wlv) for the determination of total arsenic in the samples.
Effect of diverse elements
The determination of arsenic by hydride generationatomic spectrometry is well known to be susceptible to interferences from various diverse elements. Under the experimental conditions used here, the effect of various other elements on the arsenic determination was examined. The results of depressing interferences from some elements are shown in Table 3 . Interference is considered to have occurred when an emission intensity is changed by over n ere ± 10% from that for arsenic alone. The following elements (ions) at levels a 1000-fold greater than arsenic(Hl) did not interfere: Al, B, Bi, Cd, Ce, Cr(II1), Cs, Ga, Ge, Hg, In, K, La, Li, Mg, Mn, Mo, Na, P, Pb, Rb, Sb, S i, ed Sr, Ti, TI, Y, Zn, Zr, Br, C1', CN, Co32', C2042', F', a~ HC03, NH4+, S O3, S042 ' and S CN'.
Application to the determination of total arsenic in the samples of sea weed and scallop On the basis of the observations described above, the present hydride generation-high power N2 MIP-AES was applied to the determination of total arsenic in the samples of sea weed and scallop. The presence of some elements in the samples would be expected to cause low results in the determination of arsenic. A recovery study was carried out by adding known amounts of arsenic(IlI) to the acidified sample solutions together with 1 % (wlv) potassium iodide and applying the operating conditions given in Table 1 . The added arsenic was recovered in the range 96-100%, depending on the samples. Therefore, a calibration graph method could be employed in the arsenic determination.
The results for several samples of sea weed ("hijiki") and scallop, shown in Table 4 , were calculated by least squares analysis, and show good precision. The samples used here were distributed to many organizations and will be issued as standard reference materials by National Institute for Environmental Studies, Japan for the collaborative study of the determination of total arsenic. However, the accuracy of these results obtained in this study can't be known at the present time as this collaborative work has not yet been fmished to date.
In conclusion, the method described has proved to be a useful and rapid approach to improving the sensitivity of arsenic determination.
The sensitivity and precision of the method reported here are adequate for he determination of trace concentrations of arsenic in the samples of sea weed and scallop.
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